For Reference 


NOT TO BE TAKEN FROM THIS ROOM 


For Reference 


NOT TO BE TAKEN FROM THIS ROOM 


Cx AIBRIS . 
CAIMERSITACIS 
AIBERTAENSIS 


THE UNIVERSITY OF ALBERTA 
THE EFFECT OF SUPPLEMENTARY TRAINING 


ON SKATING ACCELERATION IN HOCKEY 


by 


(C) MELVIN L. BAIRD 


A THESIS 
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES 
IN PARTIAL FULFILMENT OF THE REQUIREMENTS 
FOR THE DEGREE OF MASTER OF SCIENCE 


DEPARTMENT OF PHYSICAL EDUCATION 


EDMONTON, ALBERTA 
SPRING, 1970 


' a . an 
-ptadeun 30 vtsenaviMe SRT 


MIMTAAT vA THEME JAN 40 ey aT 
Y3N30H UI nO TARLLAOOR OMITANZ wo 


gaa A ns 

-@31GUT2 ATAUGARD 40: YT uaa 9HT or carrivaue 
eTMaMaATUDSA IHT 40 THSMITANUA, JNTTAAA ae ay 
39) 40 AITZAM 70 339030 aT 503 7 


nOTTAQUGI wore 30. Twa MRAM 


UNIVERSITY OF ALBERTA 
FACULTY OF GRADUATE STUDIES 


The undersigned certify that they have read, and recommend to 
the Faculty of Graduate Studies for acceptance, a thesis entitled 
"The Effect of Supplementary Training on Skating Acceleration in 
Hockey" submitted by Melvin L. Baird in partial fulfilment of the 


requirements for the degree of Master of Science. 


| ert » 

' . 

NPD IA TO VRERRVTM os) 
2310T2 JTAUGAAD: 3 YTIUIAA Jae 


+ bneammoey bos tay Svat yon? teat YPFo199 bane. evebau oT 
sijtinas eteent 6 ,sonstgsoss tot estbude ateubsw Fo ydivos4 


‘Tr AOMTHAISISO54 sNeeke ao onintsyT-yreimsmslqque te JoeTIs eee 


sid tq Snow tut Teteisy at buted jake eh yd’ bevdimdue “ye 


soners2 Yo vet2zs" to serpeb eat yo? 2cnsmaitipee 


ABSTRACT 


The purpose of this study was to determine the effect on accelera- 
tion in skating from a standing start by supplementing the regular train- 
ing program of the University of Alberta Hockey Teams with additional 
leg strength training. 

Twenty-six hockey players volunteered to participate in this study. 
They were randomly assigned to three groups, Group A weight training, 
Group B weighted skates, and Group C control. The subjects trained an 
extra ten minutes three times per week after regular evening hockey 
workouts for a period of six weeks. Tests were conducted prior to 
training, after three weeks, and immediately following the six week 
training program. During the tests each subject performed two practice 
trials followed by three recorded trials. The distance travelled in 
each trial was analyzed over the first 1/15 of a second, the next 8/15 
of a second, and the final 8/15 of a second. The distance travelled in 
each time segment was averaged from the three trials in each test. The 
data was then analyzed. The motion study technique (65) was utilized 
to record the data. The main items of apparatus which were used were 
a transistorized chronocyclegraph, a Leica 35 mm. camera, a sixteen foot 
distance scale, and a microfilm reader. For each trial, the regular 1/15 
of a second flashes of light from the transistorized chronocyclegraph 
were recorded on a single Kodak Tri-X film exposure by the 35 mm, camera. 
The flashes were then interpolated on the distance scale with the micro- 
film reader which permitted a rapid analysis of the distance time re- 


lationships. 
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The influence of the supplementary training procedures on accelera- 
tion in skating was revealed by means of three two-factor analyses of 
variance. Where required, additional analyses were made by the Newman 
Keuls Test of Significance. 

Based on the results obtained, the following conclusions appeared 
to be justified: 

1. After six weeks of training, the supplementary training groups 
had improved significantly over the control group. 

2. There was no significant difference between the weight training 


group and the weighted skate group on any of the test occasions. 
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CHAPTER I 
STATEMENT OF THE PROBLEM 


Introduction 


It is generally accepted by hockey experts (8) (20) (42) (56) (63) 
that certain physiological components such as speed, strength, endur- 
ance and acceleration underlie success in the sport. The recent rapid 
rise to the top of international ice hockey competition by the Russian 
National Hockey Teams, has publicly illustrated this fact. 

Russian Hockey Teams are known for their scientific approach to 
the game, both in strategy and training techniques. Unlike most North 
American teams, the Russians attempt to develop their teams on and off 
the ice, according to the best training principles presently known (8). 

Many "masters" of the game of ice hockey are beginning to question 
the traditional methods of training generally practised in North America 
(56) (63) (20. Percival (57) states: 

The ability to get started quickly is something on which every 

hockey player ought to spend a lot of time and effort. Coaches 

should make quick break emphasis an important part of their 
practice schedule. 
The Royal Canadian Airforce Series (63) stresses that: 

The quick get-away is necessary to take advantage of the breaks. 

Getting to the puck first is a question of reaction; split sec- 

onds count in getting into top stride from a standing position. 

From opinions such as these, it is becoming apparent that a more 


scientific study of the development of speed and acceleration in skating 


must be undertaken and a new approach to training techniques must be 
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considered by the present day hockey coach. 

Tarasov, coach of the Russian National Hockey Team, stresses the 
importance of strength in the main muscle groups, especially those used 
in skating. Bukac (8) reports that Tarasov has modified weight train- 
ing techniques in order to approximate the ice skating as closely as 
possible. As a result, Tarasov claims far more effective results. 
Weight training for strength and speed occupies approximately 55 - 65% 
of the early season training schedule. The intensity and type of train- 
ing used varies over the comprehensive eleven month training program. 
Training with a large number of exercises, but only medium intensity 
work-outs is emphasized in the early season. This procedure changes 
during the mid-season where intensities reach a peak and conversely the 
number of types of exercises drops to a seasonal low (8). 

However, apart from the reports on the Russian training techniques 
and the success of these indicated by the performances of the Russian 
National Hockey Teams; there appears to be little scientific knowledge 
available on the various ice hockey training techniques. Specifically, 
North American research on the sport of ice hockey is extremely limited 
and verification is required of verbal and secondary reports received 
from other sources. Scientific verification of even the presently used 


North American techniques is also seriously lacking. 


The Problem 


The purpose of this study is to determine the effect on acceleration 


from a standing start, of supplementing the regular training program of 
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the University of Alberta ice hockey teams with additional leg strength- 


ening exercises. 


Null Hypothesis 


The acceleration of the skater, from a standing start is not signi- 
ficantly affected by the two types of supplementary leg strengthening 
exercises applied. 

An alpha level of .05 was selected as the acceptable level of 


Significance. 


Delimitations 

The following are the delimitations of this study: 

1. The study is delimited to 26 volunteers who were members of the 
1969-70 University of Alberta Gold Bear Hockey Teams. 

2. The study is delimited to the accelerations recorded over a 


distance of sixteen feet. 


Limitations 

The following are the limitations of this study: 

1. The training sessions are affected by the irregular schedule of 
the University of Alberta Hockey Teams. 

2. The numbers in each group are affected by injuries which restrict 


or prevent proper training. 


Definition of Terms 


Chronocyclegraph 


The chronocyclegraph is an electrical apparatus designed to produce 
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a rapidly flashing light. The apparatus flashes at regular intervals 
producing pear-shaped spots on exposed film which are used to determine 
the direction, velocity and acceleration of the object to which the 
light is attached. This type of apparatus was originally designed by 
F.B. Gilbreth (65). The particular apparatus used in this study was 
developed and constructed by the Electronics Division of the Department 
of Technical Services, University of Alberta (for circuitry, see Figure 


1 on page 5). 


Chronocyclegraph Photography 
Chronocyclegraph photography is the method of photographically re- 


cording the movement path of work on a single exposure. The shutter is 


held open for the duration of the work cycle and all flashes are recorded. 


Standing Start 


The standing start refers to the initial starting position assumed 
before accelerating through the test range. The subject places one 
foot slightly behind the other in a comfortable skating start position 
(See Figure 2 on page 17). The start for each trial begins with the com- 
mand "go" and ends when the subject completes the measured distance of 


sixteen feet. 
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CHAPTER II 
REVIEW OF LITERATURE 


Development of Strength and Speed 


Early studies in the development of strength and speed were attempts 
to determine the value of weight training techniques. In 1942, Keller 
(38) investigated the relationship of quickness of body movements to 
success in athletics. He found that athletes scored far higher in mea- 
sures of body quickness than did the non-athletes investigated. He also 
found that athletes could be reliably grouped into a fast and a slow 
sport type category according to his quickness measures. By the early 
fifties, weight training had become popular with many coaches. A vari- 
ety of claims, both for and against this type of training were made 
with apparently little scientific basis. It was also significant that 
many sports included in Keller's "high level of quickness" classifica- 
tion had already endorsed this training technique. 

In 1950, Capen (9) studied the effects of systematic weight train- 
ing on athletic power, strength and endurance. He compared the improve- 
ment in performance of forty-two subjects in a pure weight training 
program with twenty-nine subjects participating in a regular University 
of Tennessee conditioning program. Both groups trained twice a week 
for three months. Results showed that the weight training group improved 
significantly over the regular training group in the final test for both 
strength and power items. Capen measured right grip and left grip of 
the hands, back lift, leg lift, chins, dips, standing broad jump, stand- 


ing Sargent's jump, running Sargent's jump, and shot put. Chui (12) 
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conducted a similar study which supported the Capen's findings in the 
improvement of athletic power. Chui also found that the weight train- 
ing group improved significantly more than the other group in a sixty 
yard running speed test. 

Zorbas and Karpovich (81) measured the speed of rotary arm movements 
of 600 male subjects, in order to determine if weight training slowed 
athletes down. One group comprised experienced weight lifters while the 
second group had no weight training experience whatsoever. The weight 
training group was reported significantly faster than the non-weight 
training group. In a similar study using rotary arm movements, Masley, 
et.al. (46) found similar results. These findings were also supported 
by Wilkin (79). 

The early power studies of Chui (12) and Capen (9) were later sup- 
ported by Clarke and Henry (13) and Smith (71). However, these later 
studies have concluded that the significant increases in speed of move- 
ment occur mainly as the limb starts from rest. Hubbard (35) and 
Basmajian (2) have also concluded that for maximum velocity, force is 
applied over the initial one-third of the movement range. Thus, re- 
searchers have reported a strong initial impulse which produces rapid 
acceleration in the first segment, but very little acceleration in the 


final segment of any ballistic action. 


Type of Training 


Weight training was now an accepted method of training in many 
sports. A controversy over the best type of weight training arose in 


the literature. Chui (11) investigated the comparative effects of 
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isometric and isotonic (dynamic) weight training exercises upon strength 
and speed of movement. He divided his ninety-six subjects into four 
treatment groups, isometric, rapid dynamic contraction, slow dynamic 
contraction, and control. Each treatment group trained three days per 
week for a period of nine weeks. Results showed that all training 
groups gained significantly over the control group in strength and speed 
of movement. This was true with or without resistance applied over the 
range of movement. However, no significant difference was observed 
among the three training groups. This study supported the results of 
a 1963 study by Hansen (26) in which dynamic maximal resistance exer- 
cises were found to increase both isotonic (dynamic) and isometric strength. 
In contrast, Berger (7) had compared static and dynamic strength 
and found that static strength training produced larger increases in 
static strength and less in isotonic (dynamic) strength and isotonic 
(dynamic) strength training produced larger increases in isotonic (dy- 
namic) strength than in isometric strength. Henry and Whitley (32) 
offered support to this study when they reported no significant corre- 
lation between "static strength" and "strength-in-action". They also 
explained that strength was determined by neuromotor pathway coordina- 
tion and the neuromotor pattern energizing muscle was different in move- 
ment coordinated skills and can result in high specificity. In 1968, 
Belka (3) continued this type of investigation. He found that before 
and after training, there was no significant difference between the 
experimental groups measured dynamically and statically at three angles. 


However, the combination training group improved significantly over the 


Jonette stytomoer brs. (: 3 rine: vb) of Tozer fo sanstont 0 


2 


_ YS Me S55 


| ‘on 
Atpngw2 sou esetowxe putateys — . 4b) ‘atantoe et lone 
wot odnk etostdue xte~viton fn 2A bethiwtb. on ie 
: <1} .- 
siwenvb: wohe . nottosvtnes ofmenyb | tou <otnayene J equerg tn 
"aq eveb soiwit bontsyt quove Insutestd cond Fortwo brs. enor’ 

oe 

ontatewd [fe teacdd Sewode 23 tueak 29 eae st Asow 
beaqa bas Aspasnie at aoyp Tovinos ant Weve ifdnsot Tinyta benkee 60a ay 
ht “1svo beifqys sonstebest duorls tw “10 bie puns = ett — vor” 


bavieedo 26w songatt thdneottingta om _eTevpnal seven Ong 
m1] x =~ —— ov 
to ativesy sas basveqque vase. ere .2quonp pant 


barons, ean 


“=, 
“Yoxe sonstzie2ey Tatixsm ofmenyb dordy * (as) nee — 
. nu 7 
- 


is 


AS pnts 2 atmBnyb bri aidete, be im 02 Geel 9) aot ~ 
Af anon t a ke pyel bp: oubo ve, onitis SP cals eae 
otnotoet bhe itpnsite (ormenyb) < otnotonk a ai vo side > oft 

: ; oa =i. 
“vb) aindtoel nt 2eenevont yepysh b beauboxq onint ai dspnenza 


a : 
(Se) welt bell Wie vos 1+ nines te Be . r “gre ret Seb. 
(St) yolsreh bee yas .dtenstte ae it’, neste aie 


-si7oo Jnesotttnete on bad at vod new \ 
o2zis youT ."noftsosent-rtersate" bre “atetie ate 


-snitbroos yswiiteq vosomomuan yd bon Furets wi 


‘ gpk: 9 ies 
~svom af tmewadtth 2nw efoeum ontsteren rte 


Ll 


HUI nl .vttottiosqe pth itt Shame i ba 


e107 ted tm biwot SH tiepti ae oa a 
" vod onto 6 ni 


static training group in measures of dynamic strength. Belka concluded 
that training should be specific to the type of activity required as 
both "strength-in-action" and static strength are highly specific. 

This conclusion supported the results reported by Shaw (66) in his 1965 
study. Berger (5) tested this conclusion with his 1963 study on a 
criterion measure, the vertical jump. He found that in the vertical 
jump, the groups using dynamic training improved significantly more than 
the group using static training. 

In 1956, Capen (10) attempted to improve upon the weight training 
programs which had been investigated in earlier studies (9), (12), by 
studying the effect of four programs of heavy resistance exercises on 
the development of muscular strength. He found there was little dif- 
ference in strength increases between the groups which exercised at 
three times a week and the groups which exercised five times a week. 
Results also indicated that programs which used maximum weight and fewer 
repetitions were superior in the development of strength to others. 
Capen suggested three sets with five repetitions in each set as the most 
suitable technique. In 1962, Berger (6) investigated the amount of 
variety of "over-load" training required to achieve maximal strength 
improvements. One hundred and seventy-seven subjects, trained three 
times per week in a study of six different forms of weight training. 
Results indicated that the group which trained with three sets of six 
repetitions, i.e. six repetitions, rest, six repetitions, rest, and six 
repetitions, had a significantly greater strength improvement than the 


other groups after six and twelve weeks of training. All groups improved 
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in the strength tests. In another study, Berger (5) investigated three 
types of training on a criterion measure, vertical jumps. The eighty- 
nine subjects were divided into four training groups for the seven weeks, 
three training sessions per week program. It was noted that the crit- 
erion training group decreased in performance while the dynamic weight 
training groups both improved significantly over the static group. 
Berger concluded that the more specific the overload to the criterion 
measure, the more significant the results. In a similar type of study, 
Dintiman (19) investigated the effects of various training programs on 
running speed. The one hundred and forty-five subjects were divided 
into five training groups and placed on a three times per week, eight 
week program. He found that both flexibility training and weight train- 
ing as a supplement to the regular program, produced significant in- 
creases. The combined flexibility, weight training and regular program 
produced the largest improvement in running speed. The combined weight 
training and regular program produced the next largest improvement, with 
the flexibility and regular program indicating respective lesser im- 
provements. Schultz (64) and Howell (34) summed up by concluding in 
their studies that the application of increased strength was best acc- 
omplished when done in conjunction with the specific action attempted. 
By utilizing previous scientific study on weight training tech- 
niques (58), Pickering outlined a new system for maximum strength and 
power increase (58). The new technique integrated both skill and 
strength and demanded that a maximum of weight be moved. He named this 


technique the pyramid system (See Appendix Gye 
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Hockey Training 

The reported scientific research on hockey is limited to a few 
isolated studies not related to acceleration. In 1965, MacGillivary 
(42) studied the relationship of underlying capacities to ability in 
the gross motor skill, ice hockey. In 1967, Alexander et.al. (1) analy- 
zed speed and accuracy of the various shooting techniques in hockey and 
in 1969, Merrifield and Walford (49) developed a battery of ice hockey 
Skill tests. 

It is reported that the Russians and other European teams are study- 
ing training techniques, but no actual first-hand information has been 
received. Drake (20) collected many of these reports and compiled these 
with personal information to produce his article on "Hockey Conditioning 
Programs". It appears that apart from the limited material that has 
been reported, there is little scientific research that has been done 


in the area of ice hockey training and its effects. 
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CHAPTER III 
METHODS AND PROCEDURES 


The subjects for this study were twenty-six members of the 1969-70 
University of Alberta Senior and Junior Hockey Teams, who were randomly 
assigned to one of the three training groups. The Seniors and Juniors 
were evenly distributed in each group. Group A was designated as the 
weight training group; Group B as the weighted skate group; and Group C 
as the control group who undertook no specialized training. The initial 
testing was done after two weeks of pre-competition team selection train- 
ing. This training was run by the Golden Bear Hockey Coach and mainly 
consisted of controlled scrimmages. All students interested in making 
the Golden Bear Hockey Teams attended these practices with no differen- 
tiation being made between veterans of the teams and prospective new 
members. 

Immediately following this initial test, the subjects began the 
specially designed six week training programs (See Appendix C) in addi- 
tion to the normal practice sessions. All subjects attended regular 
practice, and then trained on their respective supplementary programs. 
This procedure occurred three times per week for the full six week 
training program. 

The initial test was completed in two consecutive days immediately 
after the regular members of both Senior and Junior Teams had been chosen. 
However, both teams continued to practice together under the guidance 
of the same coaching staff. The test was repeated at the mid-training 


point which occurred after three weeks, and was again repeated upon 
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completion of the six week training schedule. 


Training Procedure 


Training was carried on over a six week period with three special- 
ized sessions for each group per week. Since regular games for each 
team did not occur on the same days each week, the three training days 
varied somewhat. Each specialized training session took approximately 
ten minutes to complete following the regular practice. Each of these 
sessions was supervised by one of two instructors, who were both well 
versed in the training procedures. 

Each subject was given a written program which varied according to 
his training assignment. The program sheet was designed for the person- 
al recording of attendance and weight or repetition increments (See 
Appendix C). Program A (weight training) was conducted in the weight 
training room at the University of Alberta. Program B (weighted skates) 


was conducted at the University of Alberta Ice Arena. 


Program A 


The weight training group performed a warm-up by doing a fast set 
of repetitions of each exercise with light resistance (58). Immediately 
following the warm-ups, the subjects moved into the prescribed seu 
of overload exercises designed specifically for the legs and skating. 
These exercises consisted of leg extension, single leg squats, calf 
raises, and straddle jumps (See Appendix C). The leg extensions were 
conducted on a pyramid system (58) with allotted increments of twenty 
pounds. The subjects maximum was determined, and the starting resistance 


was set at this maximum minus sixty pounds. This weight was pushed five 
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times, following which, the subject rested for ten seconds while twenty 
additional pounds were added. The subject then pushed this weight four 
times, following which the same procedure occurred. For the final trial 
the subject made one attempt at his maximum plus twenty additional pounds. 
Once this new maximum was reached, each "set" was altered accordingly 

to coincide with this new maximum lift (For a sample program see Appendix 
C). The other exercises were based on the three "set" with six to eight 
repetitions in each set schedule (6, 58). As with the leg extensions, 

the experimenter helped in finding the initial starting weights and 
supervised as additional weight increments were applied. For each ex- 


ercise, the allotted increments were from 10 to 20 pounds (See Appendix C). 


Program B 


The weighted skate group trained immediately following practice, 
thus permitting the warm-up period to be kept to a brief two minute 
skate with the weights attached. 

As this training program dealt directly with skating, it was aimed 
specifically at more rapid acceleration and stronger skating strides. 
Thus, starting and stopping, sprinting, and stride skating were all in- 
termingled. After the two minute warm-up, three to five "sets" of four 
widths of the rink (84.5 feet per width) were completed with thirty- 
second rests between each set. Three rounds of the rink perimeter which 
involved hard stride skating followed, with each subject attempting to 
reduce the completion time. After this exercise, a thirty second rest 
was given. Next, the subjects completed five, twenty yard sprints. 


Thirty seconds rest was allowed while the subjects returned to the starting 
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position and prepared for the succeeding sprint. To finish this program, 
the subjects skated three rounds of the ice arena, again attempting to 
reduce the completion time required (See Appendix C). 

Both Programs A and B dealt exclusively with the muscles of the 


legs and no attempt was made to include exercises for the upper body. 


Test Apparatus (See Figures 2 and 3 on pages 17 and 18) 

1. Transistorized Strobe Light. A transistorized strobe light 
powered by a chronocyclegraph was used to determine the time intervals, 
but when coupled with the overhanging scale (No. 2), it permitted the 
determination of the direction, velocity and acceleration of total body 
movement. The transistorized strobe light was mounted on the back of 
a hockey helmet by the Electronics Division of the Department of Tech- 
nical Services, University of Alberta. All circuits were molded to the 
back of the helmet and completely covered in foam rubber to prevent 
damage. The strobe light was mounted slightly to the rear of the helmet 
facing the left side (No. 5). The chronocyclegraph circuitry was powered 
by three batteries mounted on a wide adjustable belt. Thin plastic wires 
joined the battery pack on the small part of the back to the circuitry 
on the back of the helmet (See Figure 2 on page 17). This arrangement 
eliminated any Padeance to the complete skating motion. Power to 
operate the neon strobe light was supplied by the two, 67-1/2 volt bat- 
teries contained in the battery pack. The third battery, 9 volts, sup- 
plied the power necessary to operate the transistor circuits (No. 6). 

By "making and breaking" the transistor circuit, square waves of power 


were allowed to reach the neon strobe light (See Figure 1 on page 5 
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for the circuitry involved). Thus, the light was able to flash on and 
off with the square power wave at a rate of 15 times per second. Prior 
to each test, the accuracy and integrity of the circuit, power pack, 
and strobe light were checked with the aid of an electronic counter by 
the Electronics Division of the Department of Technical Services, Univ- 
ersity of Alberta. 

2. Leica 35 mm Camera. The Leica 35 mm camera was used to record 
the test data (No. 1). 

The camera was mounted on a tripod 27 feet from the boards and 
centered exactly eight feet from each end of the distance scale (No. 4). 
Kodak Tri-X film was used with a lens setting of 5.6. The shutter was 
placed on B (manual) and was held open while the subject performed the 
testing procedure. A Leica wide angle lens was used for all exposures. 

As the subject was given the command "go" the camera lens was opened 
and held open until the test distance of 16 feet was completed. The 
darkened surroundings and the black opaque background aided in the quali- 
ty of the film exposures. Since each exposure did not record any in- 
formation until movement occurred, reaction time was not considered an 
important variable. 

In order to obtain clear flashes from the strobe light, the arena 
was darkened and an opaque non-reflecting background of tar paper was 
used (No. 3). The distance scale was suspended seven feet above the 
ice and four feet from the boards from an L-shaped superstructure (No. 2). 
The metal superstructive mounts cradled the boards and were bolted for 


stability from behind. This structure was positioned such that the 
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blueline served as a starting point for both the distance scale and the 
subjects (See Figure 2 on page 17). For the complete sixteen feet the 
distance scale was marked off in feet and inches. 

The subjects skated directly under the scale for the total test 
distance, sixteen feet, and the movement distances were measured direct- 


ly from the film. 


Test Administration 

The subjects reported individually to the University Ice Areana for 
each test session. For each test, the subjects were dressed in full 
hockey equipment and went directly to the ice for the practice trials 
and finally, the three measured accelerations. Immediately following 
the test, each subject left the ice and the next subject took his trials. 
In each of the three testing days, tests were conducted prior to the 
start of regular hockey practice for that evening. The experimenter 
conducted all testing. 

The subjects were given the following instructions prior to the 
administration of each test: 


.»- you will be given two practice trials on this task. You are 
to assume a comfortable, relaxed position, with one skate ahead 
of the other. You must keep the front foot on the back of the 
blueline when you assume the starting position. Please concen- 
trate on the position marker which is situated directly in front 
of you and skate directly towards it. Do not take your eyes 
off that marker. You will skate full speed until you pass the 
22 foot marker, just to the left of the scale. On the verbal 
command 'ready' you will assume the starting position. There 
will be a delay of four or five seconds while you get set. The 
command 'go' will then be given; this indicates that the camera 
lens is now open. You have approximately one second after this 
command to respond. Remember, the object of the test is not an 
instant take-off on the starting signal, but it is to skate 
through the 16 feet as fast as possible. 
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Care was taken to ensure that each subject clearly understood the 
instructions. 

The subjects assumed a comfortable, normal stance on the ice with 
the knees slightly bent and one foot preceding the other. The positive 
and negative terminals on the power pack were then attached, activating 
the strobe light and the subject was given the ready signal. On hearing 
the starting signal, the subject was given approximately one second to 
respond. If the response was either too early or too late, an addition- 
al trial was allowed. 

The subjects skated in a straight line concentrating on the position 
marker situated directly in front of them, thirty-five feet away. A 
second marker was placed six feet past the end of the sixteen foot scale 
and six feet perpendicular to the boards. This served as a signal to 
begin slowing down and to begin circling back to the starting line. It 
also aided, along with the boards, in keeping the subjects directly 
under the scale. By keeping the subjects directly under the distance 
scale and having them watch the position marker, the camera was focused 
on the flashing light for the complete test range. 

Following two practice trials, with full test equipment, each sub- 
ject completed the tne recorded maximum accelerations. No previous 
warm-ups were given. In the case of a bad start or a fall, an addition- 
al recorded trial was allowed. This occurred only four times in the 
total testing procedure. Following each trial the subject circled back 
to the starting position and readied himself for the next preparatory 


command. 
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To begin testing, the ice was freshly watered and allowed to freeze. 
Following twelve tests, the accumulated snow was scraped from the ice. 
After the nineteenth and twenty-eighth tests, the ice was scraped, wat- 
ered and allowed to freeze. The subjects followed the same order in 


each of the three test periods. 


Film Analysis 


Each subject was given three trials for each test. These trials were 
averaged to produce one final score for each of the time ranges on that 
particular test. 

Each trial was analyzed over three time ranges, the first 1/15 of 
a second, the next 8/15 of a second and the final 8/15 of a second. Each 
subject was analyzed over 17/15 of a second due to the fact that the 
fastest subjects completed the 16 feet in that time. These subjects 
established the 17/15 time limit for acceleration analysis. Thus, three 
average scores were attained for each individual on each test. Since 
the shutter opening differed at times, the first 1/15 of a second was 
standardized by moving to the one foot mark on the graph of each trial 
and counting back 3/15 of a second. This was recorded as the zero point 
and all calculations followed from there. This aided in removing the 


problem of head movement prior to the start. 


Statistical Procedures 

Existence of mean differences in accelerations among types of train- 
ing was determined by a Two Factor Analysis of Variance with Repeat 
Measures on One Factor. This test was applied to each of the three time 


ranges, 1/15, 8/15 and 8/15 of a second (80). Subsequent to the 
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Significant "F" Ratio, specific mean differences were determined by the 
Newman Keuls Test. A .05 rejection level was adopted for the post hoc 


hypothesis of no difference. 
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CHAPTER IV 
RESULTS AND DISCUSSIONS 


I Results 


Introduction 

The results for the whole movement from each individual were graphed 
after the first test occasion. A study of these individual curves indi- 
cated that there were three parts to acceleration in the whole movement, 
the first 1/15, the middle 8/15 and the final 8/15 of a second. These 
three parts coincided reasonably well with three phases of acceleration, 
which were maximum acceleration, medium acceleration and minimum accelera- 


tion (See Figure 4 on page 24). 


First 1/15 of a Second Calculations 
The means of the distance in feet travelled by each group on the 


three test occasions are represented in Figure 5 (See page 25) and Table I. 


TABLE I 


GROUP MEANS FOR THE FIRST 1/15 OF A SECOND FOR THE 
THREE TEST OCCASIONS 


Treatment Test Occasions 

Test | Test 2 Test 3 
GROUP A 0.300 0.350 0.394 
GROUP B 0.299 0.336 Oos03 
GROUP C 0.291 0.308 0.319 


The mean distances for each subject were calculated over the three 
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FIGURE 4 
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FIGURE 5 


COMPARISON OF GROUP MEANS OVER THE THREE 
TEST OCCASIONS FOR THE FIRST 
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trials on each test occasion. From these, the means for each group on 
each test occasion were calculated (See Table I on page 23). The two 
factor analysis of variance with repeated measures on the test occasions 
revealed a significant difference at the .05 level in the improvement 

in acceleration over the three test occasions (See Table II below). There 
was no significant difference among the experimental groups at any of the 


three test occasions. 


Occasion Effects 

The Newman Keuls Test of Significance was applied to the "B" or 
occasion main effects and revealed a significant difference at the .05 
level between Test 1 and Test 3. The improvement in acceleration between 
Test 1 and Test 2, and between Test 2 and Test 3 was not significant 


(See Appendix B). 


TABLE II 
ANALYSIS OF VARIANCE TABLE 


COMPARISON OF DISTANCE TRAVELLED OVER THE THREE TEST 
OCCASIONS FOR THE FIRST 1/15 OF A SECOND 


Source of Variation SS DF MS F P 
BETWEEN SUBJECTS 0.238 25 

"A' MAIN EFFECTS 0.024 wos. OIZ 1.295 0.293 
SUBJECTS WITHIN GROUPS 0.214 235° 0.009 

WITHIN SUBJECTS 0.310, 252 

'B' MAIN EFFECTS 0.054 2 60.02 5.001 0.010 
"A*B' INTERACTION 0.010 4 0.003 0.464 0.761 


'B' X SUBJ WITHIN GROUPS 0.248 46 0.005 


"A" main effects refer to the treatment or supplementary training 
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effects on the groups. "B" main effects refer to the test occasion 


effects or the effects over time irrespective of group. 


The First 8/15 of a Second Calculation 
The means of the distance in feet of the three groups over the three 


test occasions are represented in Figure 6 and Table III. 


TABLE III 


GROUP MEANS FOR THE FIRST 8/15 OF A SECOND FOR THE 
THREE TEST OCCASIONS 


Treatment Test Occasions 

Test] estec Test-3 
GROUP A 5.247 ner 5.779 
GROUP B 5.021 52335 5.695 
GROUP C 4.968 4.907 5.144 


UP T0:9/15 


The mean distances for each subject over the three trials in each 
test occasion were calculated. From these, the means for each group on 
each test occasion were calculated. The two factor analysis of variance 
with repeated measures on the test occasions revealed significant "A" 


treatment main effects, and "B" occasion main effects, at the .05 level. 


ee 


7 7 _ oe - 


S . : Le bes 
; a.) a - 
ofzbod0 teos oth oF weTey eietts nO 
THO wD ‘Yo ay hineqeantit aus evo stosts oi 10 28: 
— 
ae 
7 ares 
nots Salute oe a 
-2- = ae. 
ad sit yovo aquoig sevdt oft to. tee? nF eae ia 
LILI ofdeT bab 3 sword nF batman 4 8 "eotena00 9 
—: x 
UY “!, 
INT 809 GHODR2 A FW-cr\e rene tap 
: 2nOTZA 90 reat 33 
— 
anotesoo) g2aT 
He T ‘ 7 iy] . 
Sa, 
OV Va ot 
ct a@ eee é 
bAT . \O8#F 
h\@ OF :4U 
Hose at efstyt ssilt sid vov0 Footdne O88 Wi 
. >» 
to quorp fone yo? ensem sat .Sasny. mort 


. See - ae 
sonpiisy to eteylons tojast ont sal ..bedsieaQhaaeeem t 128900 
so = 
' ov « s ‘ * N - ' ay, - ri 
"A" Jnsortinote belsesvey anofesoog Jest Sag ieaee " 
_ 


fevel @0. sdt Ja ,2taatto vpam netesaoe a" bas 
ae 2 


Foal 
ist 


28 


FIGURE 6 


COMPARISON OF THE GROUP MEANS OVER THE THREE 
TEST OCCASIONS FOR THE 


Ist. 8/15 OF A SECOND MEANS 


GROUP A8 
6.00 RIE GD ya oe 
GROUP C9 ------- 
5.75 
piste? ?2 
(in feet) 
eRe 
5.00 


TEST OCCASIONS 


| JaAHT BHT — ‘ aM 
CUAIM GUODI2 A 
— 8A WORD 


——— e6 woRD 
men > QUORE 


2. 


: f ry 1 ; 7 ; { 
if \ > 
- ‘ . 
- J : = j de 
‘ t 


29 


TABLE IV 
ANALYSIS OF VARIANCE TABLE 


COMPARISON OF THE DISTANCE TRAVELLED OVER THE THREE TEST 
OCCASIONS FOR THE FIRST 8/15 OF A SECOND 


Source of Variation SS DF MS F P 
BETWEEN SUBJECTS 10826 mace 

"A' MAIN EFFECTS 2.555 2. etl 37543 0.045 
SUBJECTS WITHIN GROUPS O22 9s fees a lool 

WITHIN SUBJECTS 10.449 52 

'B' MAIN EFFECTS 3. 142 2. t.57) ~162968 0.0001 
"A*B' INTERACTION 0.750 A #07788 #£=1.309 0.280 


'B' X SUBJ WITHIN GROUPS 6.588 46 0.143 


Treatment Effects 

The Newman Keuls Test of Significance revealed a significant differ- 
ence between Group A and Group C, and between Group B and Group C, on 
the third test occasion at the .05 level of significance. No significant 
difference among the groups was found on either Test occasion 1 or 2. 
There was also no significant difference between Group A and Group B on 


any of the test occasions at the .05 level (See Appendix B). 


Occasion Effects 

The Newman Keuls Test of Significance revealed a significant differ- 
ence at the .05 level of significance between Test 2 and Test 3 and be- 
tween Test occasion 1 and 3. There was no significant difference in 
acceleration over the first three weeks of training or between Test 


occasion 1 and 2 (See Appendix B). 
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Final 8/15 of a Second Calculations 


The means of the distance in feet for the three groups over the 


three test occasions are represented in Figure 7 and Table V. 


TABLE V 


GROUP MEANS FOR THE FINAL 8/15 OF A SECOND FOR THE 
THREE TEST OCCASIONS 


Treatment Test Occasions 

Test 1 Test 2 Test 3 
GROUP A Bais 8.289 8.788 
GROUP B 7.655 8.161 8.676 


GROUP C 7.756 7.887 iP pe 


The mean distances for each subject over the three trials on each 
test occasion were calculated. From these, the means for each group on 
each test occasion were calculated (See Table V above). The two Factor 
Analysis of Variance with repeated measures on the Test Occasions re- 
vealed a significant "B" on occasion main effect and a significant in- 


teraction effect at the .05 level. 


TABLE VI 
-ANALYSIS OF VARIANCE TABLE 


COMPARISON OF THE DISTANCE TRAVELLED IN THE FINAL 8/15 
OF A SECOND OVER THE THREE TEST OCCASIONS 


Source of Variation SS DF MS F P 
J CUM US AO eA oe ee 
BETWEEN SUBJECTS 18.301 25 

'A' MAIN EFFECTS 3.491 (ee EES 2702 0.088 
SUBJECTS WITHIN GROUPS 14,855 23 0.646 

WITHIN SUBJECTS 12.145 52 

'B' MAIN EFFECTS 5.421 Lae eg a 23.750 0.000 
'A*B' INTERACTION 1.436 4 0.359 3.147 0.022 
'B' X SUBJ WITHIN GROUPS 5.250 46 0.114 
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FIGURE 7 


COMPARISON OF THE GROUP MEANS OVER THE THREE 
TEST OCCASIONS FOR THE 


FINAL 8/15 OF A SECOND MEANS 
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The significant interaction effect at the .05 level necessitated 
application of the Newman Keuls Test of Significance to both the "A" and 


"B" Main Effects. 


Treatment Effects 

No significant difference was found among the three experimental 
groups on Test occasions 1 and 2. A significant difference at the .05 
level was found between Group A and Group C and between Group B and Group 
C on the final test occasion. However, no significant difference was 


found between Group A and Group B on this test occasion (See Appendix B). 


Occasion Effects 
The Newman Keuls Test of Significance revealed a significant differ- 
ence at the .05 level between Test occasions 1 and 2, 1 and 3, and 2 and 


3 (See Appendix B). 
II Discussion 


There were no studies available on the effectiveness of specialized 
training techniques in ice hockey. However, the application of special- 
ized supplementary paint ta techniques has been studied in other athletic 
events (3) (5) (9) (12) (19) (34) (41) (58) (64). Extensive work has 
been undertaken to study the effect of weight training upon maximal per- 
formances in these areas, and as a result, the value of supplementary 
weight training has been established. Pickering has developed a complete 


system of strength and impulse training for track and field, utilizing 
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the past studies in the strength and speed of movement area (58). 

The purpose of this study was to evaluate the effect of specialized 
training techniques which were designed to supplement the regular hockey 
training program of the University of Alberta Golden Bears. A weight 
training program, based upon the supposition that the more specific an 
exercise was to the activity attempted, the more successful it would be 
(3) (5) (19) (34) (64) (66), was used by one group. The exercises were 
based upon information attained from ice hockey experts (8) (20) (56) (63). 
The second training group was used to evaluate a method of ice hockey 
training which had previously been used. The control group acted as a 
base from which evaluation of the specialized supplementary training 
programs could be made. This third group also enabled an evaluation of 
the effects of the regular University of Alberta Golden Bear hockey train- 
ing program on acceleration. Three two-way analyses of variance with 
repeated measures on the test occasions were used to analyze the data. 
Statistically significant results were further analyzed by the Newman 


Keuls Test of Significance. 


First 1/15 of a Second 

This time segment represented the largest accelerations of the mea- 
sured sixteen feet averaging from 65.5 to 87.75 feet per second per 
second. The accelerations decreased over the following two measured 
time intervals. The subjects improved steadily over the three test 
occasions (See Figure 5 on page 25). A significant difference at the 
.05 level was discovered between the means over the three test periods. 


Further analysis revealed, the significant difference occurred between 
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Test occasions 1 and 3, There was no significant improvement in the 
first three weeks of training or test occasions 1 to 2 or in the final 
three weeks test occasions 2 to 3 (See Appendix B). No significant dif- 
ference was revealed between the treatments applied to the three groups; 
all groups improved over the three test occasions. The fact that no 
Significant difference was revealed between the treatment groups indica- 
ted that in the initial application of force the supplementary training 
techniques did not affect the acceleration in skating. The steady in- 
crease in all groups could be attributed either to the improvement of 
Skating skill resulting from the six to eight weeks of early season 
practice or to the regular training program used by the University of 


Alberta Golden Bear Hockey Teams. 


First 8/15 of a Second 

A significant difference was discovered among the treatment means 
at the .05 level. On further analysis, the significance was attributed 
to the difference between Group A and Group C and Group B and Group C 
on the third test occasion (See Figure 6 on page 28). There was no 
Significant difference between Group A and Group B (See Appendix B). 
The observed significant improvement of Groups A and B over Group C in- 
dicated the effect that the supplementary training programs were now 
having on acceleration in this latter section of the analysis. 

Both the weight training group (Group A) and the control group 
(Group C) showed reduced accelerations after the first three weeks of 
the supplementary program (See Figure 6 on page 28). The practices had 


now changed somewhat in form since both teams were preparing for exhibition 
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games. The heavy emphasis on straight skating drills was reduced. How- 
ever, over the same three week training period, the weighted skate group 
(Group B) showed a non-significant increase in average acceleration. The 
continued rapid start and stride skating practice of the weighted skate 
group produced a steady increase in acceleration which was also apparent 
in the final 8/15 of a second time segment (See Figures 6 and 7 on pages 
28 and 31). However, in the first 8/15 of a second time segment, this 
increase was not significant until the third test occasion. Group A 

was affected by a series of injuries which could have reduced performances 
in the second test occasion. It seriously hindered the training of some 
subjects over this three week period. Similar results in the final 8/15 
of a second indicated the effect of these injuries in both of the final 
analyzed time segments. 

After six weeks of training, both Group A and Group B had improved 
significantly over the control group (Group C) (See Appendix B). This 
trend was supported by the significant differences between test occasions 
2 and 3 and 1 and 3, which were shown by further study on the "B" main 
effects. 

Over this middle time segment, the final three weeks of specialized 
training were crucial in obtaining significant improvement in the train- 
ing groups.. Group A (weight training) showed the largest improvement 
over the final three weeks of training. Group B (weighted skates) con- 
tinued to improve steadily but not to the level of Group A (See Figure 
6 on page 28). The control group improved in the final three weeks of 


training to a level slightly above the scores for test occasion 1 (See 
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Figure 6 on page 28). These findings concur with the results reported 


in other training studies (5) (19) (34) (64). 


Final 8/15 of a Second 

A significant interaction effect at the .05 level between the train- 
ing effect and the test occasion effect necessitated the application of 
a test for simple main effects. The Newman Keuls Test of Significance 
verified the highly significant "B" Main Effects which were already re- 
ported in Table VI (See page 30). The test also indicated an "A" main 
effect which had previously been masked by the interaction effect (See 
Appendix B). 

A significant difference at the .05 level was found among the means 
for the three groups. On further analysis, this was attributed to the 
difference between Group A and Group C and Group B and Group C on the 
third test occasion. There was no significant difference between the 
two supplementary training groups on any of the test occasions. 

There was a significant improvement at the .05 level between test 
occasions 1 and 2, 2 and 3 and 1 and 3 (See Appendix B). However as 
with the first 8/15 of a second, significance between groups occurred 
only after the total six weeks of training. In both analyses, first 
and final 8/15 of a second, the weight training group (Group A) showed 
little change over the first three weeks of training, but a large im- 
provement after the total six weeks program. The weighted skate group 
(Group B) again improved steadily, but to a lesser degree than the weight 
training group over the six weeks program (See Figure 7 on page 31). The 


control group (Group C) improved in a similar pattern to the weighted 


ae ) : 7 
“eae “88-2080 8 : 16 9 prt 
($€) (eRe) csibwe an: xito-t 
es 7 


f tose = yo aid Ltt 


a 


tens sit neawted Pavel 20, oft te fost ts: wotvoneiat otha 
to rioftpotlone sft botedteesoan soa7 te voresoae S258 st bs ‘4987 re 


= bi 


asattinpte to test 2fusd meme sit . otostis sibs, stquie 07 293 


< mai 


“st vbesr(s ovow lath etostta Aram %8" Fou Fag te vider is be tite 
ié betsotont cele teat sit (OE <seeaana W sfdst nt ee 


—~ ae 


992) Jostts nottosisint sit yd betenm weed \Tevotvena bed Astlw s29tF 
i j “we ~~ 7 


| ~ 
° 


ia ‘ ; - - TP 
hatioqey et fuesr sat ag Tw WOT zenith 


, y 
= 


annom sit. proms Druot esw foveal. 0. site 6-80 Me 
+ batudtutts esw. er Vlans 9 ddaut * HO 
it mo 9 quovd boé & quoya bas 9 quorve id Ae — 
} 


ay raawtsd soansysttth FT62 tir pre ; 


test nsowsad [avel @0. ode te 5 dHonsvoncin 4 at 


% 


26 Yavewol .(8 xthasqga 962) € bas T bit 
" m ' a 
besitos equoy%p neswiod som6o Fi rete , boo 22 6 TO 
Pv ae rt i bd 


sent? ,zgev fens tod nl piensa 7 Ae sow Kke 


bawote (A quoxa) qu ong on tated, tip tew ai i 


<mi epi6l « Jud printers to 2 ‘lesw oe = 


gt r 4p < oF baz betde ice spo 3 mt les ie 
+e is hie i 4 , tr AE sen ab " “2 ae oe : is 
iW Ss t t DS: 91 bas: od # if Pe 


id 

aa 

\ Aa 

24 wy, W 
Tt: 2) 


oy, a 
rg 7: 
re) ING parte 


37 


skate group but to a significantly lesser degree (See Figure 7 on page 31). 
The drop in average scores, observed in the first 8/15 of a second analy- 
sis of the control group on Test occasion 2 did not occur in the final 
8/15 of a second analysis. Thus, it appears that the type of regular 
training used over the first three weeks of the program did not affect 
the acceleration at higher speeds as it did in the earlier stages of 
acceleration. A similar pattern observed in the first and final 8/15 of 
a second analysis for the weight training group indicated that there was 
an effect on acceleration at all speeds. Since a similar pattern did 
not occur in the first and final 8/15 of a second analyses for the con- 
trol group, it might be concluded that the drop in acceleration after 
three weeks of training occurred by chance. It was possible that the 
performance decrement observed in the first 8/15 of a second and the 
similar pattern observed in the final 8/15 of a second for the weight 
training group (Group A) could have been caused by the minor injuries to 
members of that group. No injuries resulting in a loss of practice time 
were reported by the other two groups. 

The final three weeks of training produced the largest improvements 
in acceleration for the training groups. The highly significant improve- 
ment between Test occasions 2 and 3 indicated the importance of this 
final three weeks of the training period to the success of supplementary 
training program (See Appendix B). 

The overall results of the study, therefore, would support the view 
that a six week training program was required for the effects of the 
supplementary training to influence performance. The results also in- 


dicated that a three week training program was inadequate. Supplementary 
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training, whether it was in the form of a weighted skate program or a 
weight training program, was definitely an asset. However, the study 
could not differentiate between the values of the two supplementary 


training systems. 
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CHAPTER V 
SUMMARY AND CONCLUSIONS 


I Summary 


The purpose of this study was to determine the effect on accelera- 
tion in skating from a standing start by supplementing the regular train- 
ing program of the University of Alberta Hockey Teams with additional 
leg strength training. 

Twenty-six hockey players volunteered to participate in this study. 
They were randomly assigned to three groups. Group A weight training, 
Group B weighted skates, and Group C control. The subjects trained an 
extra ten minutes three times per week after regular evening hockey work- 
outs for a period of six weeks. Tests were conducted prior to training, 
after three weeks and immediately following the six week training pro- 
gram. During the tests each subject performed two practice trials fol- 
lowed by three recorded trials. The distance travelled in each trial 
was analyzed over the first 1/15 of a second, the next 8/15 of a second, 
and the finai 8/15 of a second. The distance travelled in each of the 
time segments was averaged from the three trials in each test. The data 
was then analyzed. The motion study technique (65) was utilized to re- 
cord the data. The main items of apparatus which were used were a trans- 
istorized chronocyclegraph, a Leica 35 mm camera, a sixteen foot distance 
scale and a microfilm reader. For each trial, the regular 1/15 of a 
second flashes of light from the transistorized chronocyclegraph were 


recorded on a single Kodak Tri-X film exposure by the 35 mm camera. The 
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flashes were then interpolated on the distance scale with the microfilm 
reader which permitted a rapid analysis of the distance-time relation- 
ships. 

The influence of the supplementary training procedures on accelera- 
tion in skating was revealed by means of three two-factor analyses of 
variance. Where required additional analyses were made by the Newman 


Keuls Test of Significance. 


II Conclusions 


The acceleration of a skater from a standing start was significantly 
affected by the two types of supplementary leg strengthening exercises 
applied. After six weeks of training, the supplementary training groups 
had improved significantly over the control group. In the first 1/15 
of a second, the training groups did not significantly improve over the 
control group. All three groups improved significantly in the analyzed 
time segment over the six week training program. 

In the middle 8/15 of a second, the training groups improved signi- 
ficantly over the control group. This occurred only in the final test 
performed after the total six weeks of training. No differences were 
found among the three groups up to that part of the test. All groups 
improved significantly over the six weeks of training and over the final 
three weeks of training, but not over the first three weeks of specialized 
training. 

In the final 8/15 of a second, the supplementary training groups 


improved significantly over the control group. This occurred only in 
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the final test performed after the total six weeks of training. Prior 
to this, there were no significant differences among the groups. All 
groups improved significantly in the first three weeks, the final three 
weeks, and over the total six weeks of training. 

There was no significant difference between the weight training 


group and the weighted skate group on any of the test occasions. 


III Recommendations 


The following recommendations are made based on the findings of 
this study: 

1. A similar study should be conducted using less experienced 
hockey players of ages from 14 to 18. 

2. A study should be conducted using chronocyclegraph photography 
as a basis in order to cinematographically compare the skating styles 
of a skater with fast acceleration and a skater with slow acceleration. 

3. A study should be conducted using chronocyclegraph photography 
as a basis in order to cinematographically compare the skating styles 
of a fast skater and a slow skater. 

4. A study should be conducted to analyze the application of 
forces in a skating start. 

5. A study should be conducted to analyze the effect of present 
day hockey training programs on total body acceleration, and velocity 


in skating. 
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DATA FROM MEASUREMENTS OF DISTANCE TIME 
FROM TEST OCCASION 3 


TRIAL 1 TRIAL 2 TRIAL 3 
it AP Se: Sama: AP Rd: 8 1 8 8 
1 7 15 TH 5 15 TS 5 15 
GROUP #1 (A)| .50 5.666 7.916 | .457 5.50 8.0833] .333 5.50 8.0 
-416 5.624 8,583 | .583 6.583 9.25 | .54 5.666 8.79 
.333 5.833 8.0 .29 5.833 7.833 | .666 6.583 8.54 
416 5.583 8.666 | .374 5.916 9.0833 | .50 5.833 8.874 
333 5.75 10.0833 | .25 5.916 10.0833 | .50 6.0833 9.79 
.333 4.916 8.666 | .25 5.50 8.54 | .25 5.624 8.874 
333 5.166 8.416 | .25 5.0833 8.0833 | .333 5.833 9.0 
333 6.207 9.333 | .25 5.75 8.75 | .666 6.75 9,666 
GROUP #2 (B)} .333 5.0833 8.0 29 4.957 7.957 | .29. 4.75 7.957 
.333 ~5.833 8.333. | .25° 6,00 9.75 | .333 5.666 98.833 
50 5.583 8.583 | .583 6.833 10.416 | .416 5.50 9.0833 
416 6.666 8.666 | .624 7.0 9.0 "333 6:25. 9 304 
416 6.333 9.50 | .25 5.416 8.79 | .416 5.916 8.25 
416 5.666 9.00 | .583 6.916 10.583 | .207 5.666 8.833 
.29 5.374 8.333 | .29 5.166 8.166 | .25 4.916 7.833 
b3332 5. 934.8279) 333) 51001. 8.00 | .25 94.75 8,25 
374 5.166 7.75 | .50 5.79 8.0 416 6.25 8.25 
GROUP #3 (C)| .333 5.29 8.333 | .50 4.916 8.0 333; ollaedentebs2 
.50 5.416 8.583 | .54 6.124 9.0833] .50 6.416 9.624 
.207 5.0833 8.166 | .29 5.457 8.416 | .25 5.29 8.374 
207 4.416 7.583 | .333 4.75 8.0833] .29 4.75 7.833 
.207 5.54 8,333 | .333 5.833 8.333 | .333 5.874 7.833 
202. 5.50%) 7.874. 4) (166. 4,75.- 7.416 | .207-5.0 * 7,29 
29. 4.957 8.333 | .333 5.29 8.416 | .333 5.166 8.333 
25 4,333 6.416 | .333 4.333 6.50 | .29 4.50 6.75 
50 4.833 7.75 50 5.166 8.333 | .333 4.916 8.0 
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NEWMAN KEULS TEST OF SIGNIFICANCE FOR THE 
FIRST 1/15 OF A SECOND "B" MAIN EFFECT 


ne ee 


1) MEAN DIFFERENCE 2) Me VALUES 
.297 . 330 . 360 oy ae Fs «297 . 330 . 360 
Pap: . 083 . 063 «297 2.38 4.55 
. 330 . 030 «330 2796 


3) CRITICAL VALUES OF Gp.g92 2 = .05 4) SIGNIFICANCE TABLE 


te J . 330 . 360 e297 . 330 . 360 
ee9t 2.85 3.40 «297 . 
e330 2,85 2350 


* indicates significance at the alpha level of .05. 


NEWMAN KEULS TEST OF SIGNIFICANCE FOR THE 
FIRST 8/15 OF A SECOND "B" MAIN EFFECT 


1) MEAN DIFFERENCE 2) qr VALUES 
D0 5.16 Dime 5.07 5.16 5z0 
5.07 09 46 5 7 2! 6.21 
5.16 wor apa ly 5.00 


3) CRITICAL VALUES OF qn eg 9 = .05 4) SIGNIFICANCE TABLE 


Sry) 5.16 eB uy 2.16 Sd. dc 
5.07 2.83 3.40 5,07 * 
5216 Fay a 5.16 sa 
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NEWMAN KEULS TEST OF SIGNIFICANCE FOR THE 
FIRST 8/15 OF A SECOND "A" MAIN EFFECT: TEST 1 


1) MEAN DIFFERENCE 2) dp VALUES 
4.968 5.02] 5.247 4,968 5.021 5,247 
4,968 Alek «ea 4.968 .342 1.8 
5,02] .226 5.021 1.46 


3) CRITICAL VALUES OF ST ee .05 4) SIGNIFICANCE TABLE 


4.968 a. et 5.247 4.968 5.023 5.247 
4.968 2.83 3.40 4.968 
5.021 2.83 5.021 


NEWMAN KEULS TEST OF SIGNIFICANCE FOR THE 
FIRST 8/15 OF A SECOND "A" MAIN EFFECT: TEST 2 


1) 


3) 


MEAN DIFFERENCE 2) q- VALUES 

4.907 py 5020 4.907 Deol SPR ES 
4.907 . 330 427 4.907 tele e270 
5.237 . 098 Pre F . 63 


CRITICAL VALUES OF Gr.69° 2 = .05 4) SIGNIFICANCE TABLE 


4.907 Daeol, Doda 4.907 Shy af 5 iao0 
4.907 2.83 3.40 4.907 
ecal 2.83 Decal. 
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NEWMAN KEULS TEST OF SIGNIFICANCE FOR THE 
FIRST 8/15 OF A SECOND "A" MAIN EFFECT: TEST 3 


1) MEAN DIFFERENCE 2) qd, VALUES 
5.144 paGlo 5.279 5.144 5.695 weerg 
5.144 <0! .635 5.144 Fe 4.09 
5.695 084 5.695 04 


3) CRITICAL VALUES OF Gr.69° 2 = .05 4) SIGNIFICANCE TABLE 


5.144 5,695 kee 5.144 3,095 5.#79 
5.144 2.84 3.40 5.144 i = 
5 G25 2.83 5,695 
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NEWMAN KEULS TEST OF SIGNIFICANCE MAIN EFFECT 
FOR THE FINAL 8/15 OF A SECOND "B" MAIN EFFECTS 


1) MEAN DIFFERENCE 2) q. VALUES 
7.83 4 8.47 7,83 8.1] 8.47 
7.83 .28 .64 7.83 13,8 30, 5% 
8.11] 36 8.11 1753 


3) CRITICAL VALUES OF q. g9: 2 = .05 4) SIGNIFICANCE TABLE 


7,00 8.11 8.47 
7,88 7 
8.11 = 


7.83 8.1] 8.47 
ry 3.40 
8.11 2.83 
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NEWMAN KEULS TEST OF SIGNIFICANCE FOR THE 
LAST 8/15 "A" MAIN EFFECTS: TEST 1 
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1) 


3) 


3) 


MEAN DIFFERENCE 2) qp. VALUES 

7.655 7.756 8.113 7.655 PoPaG 
7.655 .101 458 #055 .561 
7.756 ¢35F 7.756 


CRITICAL VALUES OF Gr.692 4 = .05 4) SIGNIFICANCE TABLE 


7.655 7.756 se 7.655 7.756 
7.655 2.83 3.40 7,055 
7.756 2.83 7.756 


NEWMAN KEULS TEST OF SIGNIFICANCE FOR THE 
LAST 8/15 "A" MAIN EFFECTS: TEST 2 


MEAN DIFFERENCE 2) qr VALUES 

7 <867 8.16] 8.289 7.887 8.161 
7.887 .274 ~402 7.887 rer 
8.16] .128 8.161 


CRITICAL VALUES OF Gr.692 4 = .05 4) SIGNIFICANCE TABLE 


7,887 8.161 8.289 7.887 8.161 
7.887 Vash) 3.40 7,887 
8.16] 2.93 8.161 
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NEWMAN KEULS TEST OF SIGNIFICANCE FOR THE 
LAST 8/15 "A" MAIN EFFECTS: TEST 3 


1) MEAN DIFFERENCE 2) qr VALUES 
72993 8.676 8.788 Teooo 8.676 8.788 
(geen . 683 mae tote 7.993 Seaa 4542 
8.676 < b15 8.676 .63 


3) CRITICAL VALUES OF Gp 692 2 = .05 4) SIGNIFICANCE TABLE 


7.2993 8.676 8.788 free bs fe 8.676 8.788 
tye 2.83 3.40 (EEE : . 
8.676 7a 3 8.676 


gw au 1 re 


ee ; 
INT. 90% TNMDTAD Ale 3 TeaT 2sua RAM — 
E Test +27 sane a ad CIN Teas 
° 

vip (S | IOMSAS 

. ye cee. BSi.8. Gfe.8 Eee: 
-~ Ps 

ai EY .t Eee .\ ef. E80. 
ga. (a8 arr. 


40-2: 


UAV JASITIOND € 


i - 
, 
7 ¢ 
, 
~ é 7 
: 
; 7 . 
* “4 . mT 
a 
od 
7 
= i 2! oa - - 
¢ ~Ert 7 
f.iGHi Ei > . } 7, PRUAS KAM SF 
eee en eS = - - - > - 
- 
= _— , , . s 
ty a pa. 


Sx 2 APPENDIX C 
TRAINING TECHNIQUES 
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WEIGHTED SKATE TRAINING PROGRAM: 3/wk. 


Two min, around ice skating (after 2 wks. sprint between blue 
lines (65 ft.)) 30 sec. rest: 
Width Sprints - push at least 10 yds. each (across - back across - 
back) i=redesets 
TOSSTAR Twas Sets: 
After 2 weeks 5 sets: 30 sec. rest between each set 
3 rounds of stride skating: 
30 secy rest 
- attempt to reduce completion time 
o=x 20-yd. sprints: 
30 sec. return and rest 
Easy cool-off skate: 3 rounds of arena 


- approximately 1500 ft. 


Distance across the ice is 84.5 ft. 
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WEIGHT TRAINING PROGRAM: 3/wk. 


WARM-UP : 


FAST SET OF EACH EXERCISE (SUB-MAXIMAL WT.) 


reps. 
reps. 
reps. max, wt. 

rep. emax< wt. + 20 


LEG EXTENSIONS: 


SS NMmMwAO 


SINGLE LEG SQUATS: One leg and then other 
3 sets 6 - 8 reps. 
(begin 45 lbs.) 


CALF RAISES: 3 sets 6 - 8 reps. 
20 1b. increase 


STRADDLE JUMPS: 3 sets 8 reps. 
10 1b. increase 


ALTERNATE: ONE TRAIN PARTNER WATCH 
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FIGURE 8 


WEIGHT TRAINING PROGRAM 


LEG EXTENSIONS 


_ a SINGLE LEG SQUAT 


STRADDLE JUMP CALF RAISES 


SAK. 


